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Savannas, ecosystems with continuous grass cover and variable
woody cover, are one of the world's major biomes, reaching their
greatest extent in the seasonally dry tropics. Over large parts of their
climate range, savannas occur in mosaics with forests, leading to the
idea that they are products of anthropogenic deforestation. However
there is accumulating evidence that, worldwide, savannas are of
ancient origin. Dated molecular phylogenies provide an alternative
tool for exploring the origins of savannas, and have already proven
useful in studying the origin of woody plants in the Brazilian
Cerrado. In this study, we explored the phylogenetic relationships of
geoxyles and their tree relatives in Africa as markers to infer the
appearance of humid savannas, thought to be a product of ﬁre
mediated forest retreat, and to explore the diversity of lineages
contributing to the woody ﬂora of African savannas and their
phylogenetic afﬁnities with the South American Cerrado. By
examining dates of origin of geoxyles, our study also allows us to
assess alternative explanations for the origin of putative ﬁre adaptive
traits (e.g. below-ground storage organs and thick bark), such as low
soil nutrients, seasonal aridity and intense herbivory.
doi:10.1016/j.sajb.2013.02.017
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The ingression ofwoody plants into the grassy layer of savannas and
grasslands has become a global concern. Fire has been successful in
controlling the expansion of evergreen macrophyllous thickets in
savannas. However, the effects of ﬁre on deciduous microphyllous
woody vegetation have been less predictable. Fire may change savanna
structure by reducing the height ofwoody plants, although its effects on
the density of deciduous microphyllous woody trees have been
variable. In some savannas, increased ﬁre frequencies have reduced
the density of deciduous microphyllous woody plants, while in others
no signiﬁcant effect has been observed.We used two types of long-term
observations to assess changes in woody vegetation in Ithala Game
Reserve (IGR), South Africa. Textural analysis of aerial photographs was
used to detect changes inwoody vegetation, from1943 to 2007 in Ithala
Game Reserve (IGR), South Africa. We also used ﬁeld data from the
same reserve collected over 30 years to assess the increases in tree
cover. Woody vegetation cover and density increased signiﬁcantly by
32.5% and 657.9 ind.ha-1 respectively, over 64 years. Before the
proclamation of IGR in 1972, increases in woody vegetation from
1943 were non-signiﬁcant. After the proclamation of IGR, herbivore
population numbers and spatial distribution inﬂuenced the accumula-
tion of grassy biomass required to fuel ﬁres. In areas with reduced fuel
loads, the consequential suppression of ﬁre accelerated the rate of
woody plant invasion into savannas. The increase in woody vegetation
coincided with a decrease in palatable (e.g. Acacia gerrardii and
A. davyii) and an increase in unpalatable woody plants. The avoidance
of the unpalatable trees (e.g. Euclea and Searsia species) by large
mammalian herbivores has allowed these trees to increase in density
relatively unhindered. This change in successional palatability of trees
may have serious negative consequences for browsing herbivores.
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Recent research has demonstrated that C4 grasses are susceptible
to severe drought but experiments were conﬁned to Panicoid grasses
with the NADP-Me photosynthetic subtype. There are physiological
and biogeographic explanations as to why this response might not be
consistent across all C4 grass lineages and subtypes. We investigated
this by selecting C4 grasses from two lineages (Panicoideae and
Aristoideae) with independent origins of C4 photosynthesis and with
two different photosynthetic subtypes (NAD-Me and NADP-Me).
These grasses were subject to a controlled drought and then were
subsequently re-watered. Gas exchange, chlorophyll ﬂuorescence
and water relations were measured at regular intervals. Drought
decreased photosynthesis uniformly between photosynthetic sub-
types, but not between lineages, and was mainly attributed to
metabolic rather than stomatal limitations. In contrast, rates of
recovery from drought were different between both subtypes and
lineages. Recovery was related to differences in leaf water content at
the end of the drought and the recovery of photosynthetic
metabolism rather than decreased stomatal limitations. The rela-
tionship between drought recovery and habitat rainfall data was
investigated to determine if drought characteristics are determined
at the level of species, photosynthetic subtype or ancestral lineage.
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This study forms part of a larger long-term livelihoods and
environment monitoring project called SUCSES (Sustainability in
Communal Socio-Ecological Systems). The structure and dynamics of
savannas within communal rangelands have not only been driven by
environmental determinants (climate and substrate) but have also
by anthropogenic disturbances (ﬁre, livestock grazing, harvesting of
resources and cultivation). Due to the many interactions between
anthropogenic disturbances and environmental determinants, it is
difﬁcult to elucidate their relative importance for changes in woody
species composition and structure over time. We aim to determine
the individual and interactive effects of rainfall and topographic
gradients on woody species composition and structure within the
human-impacted woodlands of Bushbuckridge, Mpumalanga Prov-
ince. Three study regions were selected which differed in annual
rainfall: (a) wet west, (b) mesic centre and (c) dry east, with 3
villages (sites) per region. Within each site, plots were sampled to
cover the variation in catenal position (hill crest, bottom slope). A
total of 56, 50 m radius circular plots (trees N6 m in height) and 6 m
radius circular plot (trees b6 m), nested within the 50 m plot, were
sampled in 2011 and 2012. These were randomly located at variable
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